A class of mathematical models of dynamic objects in the integral macromodels form, built on the «input-output» principle is considered. The possibility of reducing errors and increasing speed of the modeling process using quadrature formulas based on integral macromodels in the Volterra operators form (Volterra-Hammerstein) is investigated. The constructive algorithms of numerical modeling procedures are proposed using the method of dividing kernels.
Introduction. Integral macromodels with a sufficient degree of adequacy for practical applications display processes in dynamic objects of varying complexity, assuming their representation by the «input-output» principle [1] . The statement of the modeling problem is set as follows:
 the dynamic characteristic is specified by   , K t  of a linear part, nonlinear dependence   F  (for nonlinear objects) and the input signal  ;
x t  it is needed to identify the output signal   y t , accordingly using integral macromodels of linear and nonlinear objects:
In the relevant literature, integral macromodels of the form (1), (2) are known as the Volterra operators [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The basis of the integral operators' and the Volterra equations' numerical realization is the quadrature method, which consists [12, 13] in the application of quadrature formulas for the approximate calculation of a definite integral:
where i
x -fixed abscissas (nodes) of the section  
A -numerical coefficients or weighting multipliers;   R fresidual term (the approximation error). As a rule, 0
There are a significant number of quadrature formulas of the form (3), which include the Newton-Cotes formulas (also rectangles, trapeziums, Simpson), Gauss, Chebyshev, etc. [12] [13] [14] . However, the use of the quadrature method in the case of arbitrary type kernels is related with the accumulation the number of operations on each discrete step, which in turn leads to the errors accumulation and the decrease in the modeling process speed.
Aim of the work. Research of the possibility of improving the quality of dynamic objects simulation by using the quadrature method in the case of using the dividing form kernels.
Dynamic Objects Simulation. The traditional approach to ensuring the accuracy of the quadrature method is based on selection of the discretization step and the form of the quadrature formula. For example, the required form of the quadrature formula can be obtained if we divide the integration interval into parts and apply our quadrature formula to each of them separately. Obviously, when dividing the initial section into parts, we should start from the condition that the integral of the resulting curve should be as close as possible to the integral from the function   Error minimization (increasing precision) of the quadrature formula on the chosen functions class is achieved by choosing the quadratureshape coefficients and by choosing the integration nodes. Depending on the usage, the nodes i x can be selected in different ways. For trapeziums formulas, Simpson and Boole, it is recommended [12] to select equidistant nodes. For the Gauss-Legendre quadrature, the selected nodes should be the «zeros» of definite Legendre polynomials. The smaller the step of dividing a segment is selected   , a b , the more precisely result will be obtained, but the number of computational operations increases, which requires additional resources. An important feature of the calculations in this case is errors accumulation with an increase of the number of steps, which is defined not so much by the step magnitude and the calculation precision on it, as by the «successful» or «unsuccessful» choice of the replacing integral method by the final total. Such situation is pertained to the process of modeling objects in real time, when the integration interval (section   , a b ) could be large or previously unknown.
Next, we will use the frequently used representations of integral operators in the form:
called Volterra-Hammerstein [15, 16] , and the approximation of the integrand expression written as follows:
It is worth noting that the property of increasing the volume of calculations with increasing the step relates to the case of the kernels with random form. The computation rate increase can be achieved using the degenerate dividing kernels method [17] , which feature is the constant calculations amount in the step. Using this feature, we present the Volterra integral operator with a separating kernel:
After approximating the integral (6) and usage of quadrature sums, we obtain:
The value For macromodels, for example, of the form (2), the quadrature method leads to the following calculated expressions (depending on the structural arrangement of the linear part in the general object structure or the absence of nonlinearity):
For the case of a degenerate kernel:
If we introduce a nonlinear dynamic object with input and output signals, accordingly   
then, according to the quadrature's method, it's possible to construct an algorithm for implementing the macromodel, shown in Fig.1 . The algorithm performs calculations using formula: 
where 0,1 a  ; 0, 01   . The exact value of the function sought is given by:
The calculated ratio obtained based on the trapeziums formula for the numerical realization of the operator (12) with a non-divided kernel has the form:
Using the kernel separability property, we obtain:
Fig. 2. The algorithm that implements realization of the Volterra
Hammerstein integral operators with a divided kernel The calculations results are given in Table. 1. The second column shows the results of exact solution, the 3-rd and 4-th columns represent approximate calculation results   i t   by algorithms, shown in Fig. 1 and Fig. 2 , respectively. As can be seen from Table. 1, calculation by the algorithm that implements the expression (13) gives the minimum error. This follows from the fact that the number of arithmetic operations 2 M with increase of the number of the discretization node remains unchanged, while the number of arithmetic operations 1 M at numerical realization of the integral operator on the first algorithm grows.
The quantitative estimation of the solutions' accuracy is given in the Table 2 by calculated ratios of residual terms of the quadrature formula of the form (3), using representation of the Newton-Cotes (for the case when the initial point of the section coincides with the interpolation node). It should also be noted, that the algorithms shown in Fig. 1 and Fig. 2 , have a close computational complexity.
Conclusion.
A quick-acting algorithm for numerical realization of dynamic macromodels in the form of integral operators with divided kernel is proposed, which provides real-time calculations. The algorithm can serve as a basis for the creating of quick-acting specialized calculators for solving control and monitoring problems as well as for modeling a wide class of dynamic objects and processes. Through the given computational experiments, the algorithm confirms the constructiveness of the proposed approach.
